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Background: Hepatitis C virus core antigen (HCV-cAg) assay has been proposed as a more economical 
alternative to HCV RNA detection. Aim of the work: To evaluate the clinical utility of ELISA for HCV-cAg 
quantification in diagnosis and monitoring treatment outcomes in patients treated with direct acting antivirals 
(DAAs) for chronic hepatitis C. Patients and Methods: A prospective study on 40 subjects recruited from 
hepatology department and outpatient clinic in Ain Shams University Hospitals. Group I included 20 patients 
with positive anti-HCV antibody. Group II included 20 healthy subjects. The patient group received a combination 
of sofosbuvir 400 mg and daclatasvir 60 mg once daily for 12 weeks. The levels for both HCV-cAg and HCV 
RNA were evaluated at baseline and 12 weeks after completion of therapy. Results: Baseline HCV-cAg levels 
showed good correlation with HCV viral load (r=0.808, p<0.001). A sustained virological response 12 weeks off 
therapy (SVR12) was achieved in all patients with HCV-cAg levels decreasing significantly at the end of 
treatment (EOT) (21.5+8.5 vs 5.4+3.63 IU/ml respectively, p<0.001). The sensitivity and specificity of HCV-cAg 
in predicting HCV RNA was 100% and 90% respectively at cut-off value >8 IU/ml. Conclusion: ELISA for 
HCV -cAg can replace the high sensitivity HCV RNA molecular assay to confirm the presence of HCV infection 


and to monitor treatment outcome. 
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INTRODUCTION 

Hepatitis C virus (HCV) infection is one of the 
major public health problems. The global prevalence 
of people with HCV antibodies (anti-HCV-positive) 
are estimated to be 115 million, 80 million of them 
have active infection (HCV RNA positive) ®. Most of 
the HCV-infected individuals remain asymptomatic 
for decades and 75% of them develop chronic 
infection. Around 10-20% of chronically infected 
patients develop cirrhosis and hepatocellular 
carcinoma (HCC) ®, leading to an estimated 7.2 
million deaths between 2015 and 2030 in absence of 
treatment ®. 

In 2016, the World Health Organization (WHO) 
adopted its first Global Health Sector Strategy on Viral 
Hepatitis. The strategy defines time-bound targets for 
eliminating HCV as a public health threat by 2030. 
One key target is to reduce new HCV cases by 80% 
and another key target is to reduce HCV-related deaths 
by 65% ™. 

In the recent years, the availability of the direct 
acting antivirals (DAAs) which are potent and highly 
effective with cure rates above 90-95% will make the 
achievement of this goal feasible ©. In this new 
scenario, priorities arise for the detection of active 
HCV infection, treatment monitoring and detection of 
therapeutic failures. 
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Currently the diagnosis of HCV infection 
involves a time consuming and cost ineffective two- 
step approach. Antibody screening is performed first 
(anti-HCV), followed by determination of the viral 
load by real time polymerase chain reaction (RT-PCR) 
which helps to differentiate between active and past 
infection ®©. Despite its high sensitivity and reliability, 
HCV RNA molecular assay requires skilled laboratory 
personnel, long detection time and high cost which 
make it impractical for low-income countries to 
routinely administer this test ”. Thus, a cheaper, rapid 
and simplified alternative is needed for screening and 
monitoring of treatment especially in resource-limited 
settings, where HCV is more prevalent. 

HCV core antigen (HCV-cAg) is a highly 
conserved and antigenic protein of the internal capsid 
which is released into the blood stream during HCV 
assembly. It can be detected in the plasma earlier than 
antibodies and throughout the course of infection. 
Enzyme-linked immunosorbent assays (ELISAs) have 
been introduced to test HCV-cAg since 1999. In recent 
years; assays for HCV-cAg have been developed such 
as enzyme immunoassays (EIAs) and 
chemiluminescent immunoassays (CMIA) ®. 

Several studies showed that the limit of detection 
of core antigen by CMIA is 3 fmol/L which 
corresponds to a viral load range of 428-2700 IU/ml. 
Moreover; there is an excellent correlation between 
core antigen concentrations and HCV RNA levels. 
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With this high sensitivity, quantification of HCV-cAg 
by CMIA was suggested as an alternative to HCV 
RNA molecular assays in diagnosis and monitoring 
treatment outcomes in patients with chronic HCV 
infection ®. Compared to ELISA, CMIA is expensive 
and requires costly equipment, so it is rarely used to 
detect HCV-cAg in developing countries. 

The aim of this study is to evaluate the 
performance of ELISA for HCV-cAg detection in the 
diagnosis of active HCV infection and monitoring 
treatment outcomes in patients treated with DAAs in a 
real world setting. 


PATIENTS AND METHODS 
Patients: 

This was a prospective study conducted in the 
period between April 2018 and October 2018. It 
included 40 subjects which were recruited from the 
hepatology department and outpatient clinic in Ain 
Sham University Hospitals. Two groups were 
considered. Group I included 20 patients with positive 
anti-HCV antibody. Group II included 20 healthy 
subjects, age and sex matched with no evidence of 
HCV infection by negative anti-HCV antibody. 
Patients with decompensated liver disease, hepatitis B 
virus (HBV), or human immune-deficiency virus 
(HIV) co-infection, renal impairment and those with 
HCC were excluded. 


Ethical considerations: 

This study was approved by Ain Shams 
University Ethical Research Committee. Informed 
written consent was taken from all patients before the 
start of the study. 

Virological and serological testing: 

HCV RNA level was measured for the group of 
patients with positive anti-HCV antibody and those 
with detectable RNA received a combination of 
sofosbuvir 400 mg and daclatasvir 60 mg once daily 
for 12 weeks in accordance with the national protocols. 
Post-treatment PCR was done three months after 
completion of therapy with a lower limit of detection 
of 15 IU/ml. An undetectable HCV RNA level twelve 
weeks post-treatment was defined as sustained 
virological response (SVR12). Serum HCV-cAg 
quantification was measured at the same points as 
HCV RNA and once in the control group. It is a double 
antibody ELISA one-step process to analyze the 
existence of HCV-cAg by comparing the optical 
density of the samples to the cut-off. 

Baseline investigations included complete blood 
count (CBC), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), serum total and 
direct bilirubin, serum albumin, and international 
normalization ratio (INR) were estimated for all 
patients. 


Statistical analysis: 


All results were collected, tabulated, and 

statistically analyzed using computer software (IBM 
SPSS version 20). Descriptive statistical tests of 
frequency, percentage, mean, and standard deviation 
(SD) were used to describe the obtained data. 
Correlations between HCV RNA and HCV-cAg were 
analyzed by Pearson correlation coefficient. 
The diagnostic performance of core antigen was 
assessed by calculating the area under the receiver 
operating characteristics (AUROC) curve. Sensitivity, 
specificity, positive predictive value (PPV), and 
negative predictive value (NPV) for HCV-cAg were 
analyzed versus HCV RNA molecular assay. 


RESULTS 
Clinical characteristics: 

The majority of the patients were females (65%), 
with age ranging from 25-71 years. All patients were 
Child A and treatment naive. The rest of patients’ 
demographics and baseline laboratory investigations 
are summarized in table (1). 
Table (1): Baseline patients’ 
laboratory data 


Characteristics Frequency (%)/ 
Mean+ SD 


demographic and 


A ge (years) 41.5+13.06 
LC (/mm°) 6.16+1.16 


Correlation between laboratory parameters and 
HCV-cAg in the patient group: 

Before treatment there was a positive correlation 
between core antigen and total bilirubin and INR and 
negative correlation with hemoglobin, platelets, and 
albumin. However, none of these correlations were 
statistically significant as shown in table (2). 





Table (2): Correlation between laboratory parameters 
of the patient group with HCV-cAg before treatment 


HCV-cAg (Before 
= 
| r — | pvalue | | pvalue 


Hb (g/dl) 0307 0.159 
-0.102 0.668 


Platelets (10%/mm°) 


otal bilirubin (mg/dl) | 0.078 0.743 
Albumin (g/dl) -0.132 | 0.579 
| INR | 0105 0.658 
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Analytical performance of HCV-cAg in diagnosis of 
active HCV infection: 

The value of HCV-cAg was analyzed in 
determining diagnosis by ROC curve. Optimal 
predictive values were assessed by calculating the 
AUROC curve. When HCV-cAg was >8 IU/ml as cut- 
off value, sensitivity, specificity, NPV, and PPV were 
100%, 90%, 100%, and 90.9% respectively. 


Correlation between HCV-cAg and HCV RNA 
levels: 

Analysis of the 20 anti-HCV positive patients 
showed a strong positive correlation between HCV- 
cAg and HCV RNA levels at baseline (r=0.808, 
p<0.001) as shown in figure (1). SVR was achieved in 
the 20 patients (100%) on follow up PCR done three 
months after the EOT period. Additionally, HCV-cAg 
level decreased significantly at the EOT (21.5+8.5 vs 
5.4+3.63 [U/ml respectively, p<0.001). 


r= 0.808 


5000000- 


P-value < 0.001* 


10 20 


HCY CORE ANTIGEN Before 





Figure (1): Scatter-plot showing significant positive 
correlation between baseline HCV-cAg and HCV 
RNA levels. 


DISCUSSION 

The diagnosis of HCV infection and efficacy of 
antiviral therapy is based on testing HCV RNA with 
sensitive assays. However the most recent 
recommendations from European Association for the 
Study of the Liver (EASL) guidelines suggest that 
measurement of HCV-cAg in serum or plasma can be 
used instead of HCV RNA to diagnose and monitor 
treatment efficacy when HCV RNA assays are not 
available or affordable “®. HCV-cAg assay represent 
a more cost effective method compared with HCV 
RNA quantification since it is rapid, affordable, 
simplified and demands less professional training to 
operate @), 

Our analysis showed that there was a positive 
correlation between total bilirubin and INR and core 
antigen and negative correlation with hemoglobin, 
platelets, and albumin before treatment. Although not 
reached a significant value, but it goes with the finding 
that the rise in HCV-cAg level was associated with 
deterioration of parameters indicating liver function. 


The current study showed that when HCV-cAg 
took the cut-off > 8 IU/ml, sensitivity, specificity, 
NPV, and PPV were 100%, 90%, 100%, and 90.9% 
respectively in diagnosing active HCV infection, 
which is consistent with previous reports “1! 
Alves et al.“ presented similar results with no false 
negative or false positive results and sensitivity and 
specificity of 100%. However; the studied population 
was chronic hepatitis C patients with chronic kidney 
disease and patients on hemodialysis. On the other 
hand, Wang et al. °° reported lower sensitivity and 
NPV compared to our study (88.96% and 91.3%) using 
ELISA in detection of the core antigen. 

In the present study, the correlation between 
HCV RNA and HCV-cAg levels was analyzed at 
baseline showing a significant high correlation 
coefficient of 0.808 (p<0.001). Similar results were 
reported by other studies. One study conducted by 
Wang et al. © found high correlation between HCV 
RNA and HCV-cAg levels with correlation coefficient 
of 0.891 using ELISA for detection of HCV-cAg, 
while other studies presented by Chang, Lin, 
Mederacke and their colleagues reported a good 
positive correlation coefficient of 0.960, 0.879, 0.75 
respectively but CMIA was used in detection of core 
antigen “ 17) 18), 

Moreover, another study done on 782 patients 
with chronic hepatitis C infection enrolled from large 
multicenter phase IIb and III clinical trials on type Y 
PegINFa reported a significant correlation between 
HCV-cAg and HCV RNA tests (r>0.950, p<0.001). 
The samples were further divided into high viral load 
group and low viral load group at a threshold of 
400,000 IU/ml; however the correlation in high viral 
load group was lower than in lower viral load group 
(0.517 vs 0.901 respectively) ©”. 

Several studies address the usefulness of HCV- 
cAg as an alternative to HCV RNA molecular assays 
in assessment of treatment outcome in patients treated 
with interferon-based regimens “6 17”), However, 
there are few data on the role of core antigen in patients 
treated with different DAAs. Studies that have 
evaluated this technique under the new DAA regimens 
report a good correlation between RT-PCR and HCV- 
cAg (13,23) 

The current study showed the ability of HCV- 
cAg quantification in monitoring patients infected with 
HCV under treatment with sofosbuvir based regimen. 
At 12 weeks post-treatment, SVR was achieved in all 
the 20 patients (100%) and the core antigen level 
significantly decreased. This agrees with another study 
by Lin et al.“” on 110 patients who were treated with 
paritaprevir/ ritonavir/ ombitasvir and dasabuvir with 
or without ribavirin. SVR was achieved in 108 patients 
(98%) and core antigen assay identified 99% of these 
patients with only one false positive case. 

Additionally, Garcia et al. °® showed that there 
was only one discrepant case regarding the assessment 
of SVR at 12 weeks post-treatment (indeterminate core 
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antigen and negative viremia). However, at 24 weeks 
post-treatment there was an agreement between HCV- 
cAg and HCV RNA which confirmed SVR. 

Our data suggested that HCV-cAg can be used 
as an alternative endpoint of DAAs treatment at 12 
weeks off therapy, which was against the recent 
guidelines recommending that core antigen should be 
assessed at 24 weeks after the EOT to determine the 
outcome 4, 


CONCLUSION 

Fast and immediate results, lower costs of the 
technique are some of the main advantages of HCV- 
cAg. Therefore, ELISA for HCV-cAg can replace the 
high sensitivity HCV RNA molecular assay to confirm 
the presence of HCV infection and to monitor 
treatment outcome especially in low-income countries 
with limited resources. However, this study was 
limited by the small number of patients, absence of 
patients with decompensated liver disease, HBV or 
HIV co-infection, HCC, and absence of patients who 
didn’t respond to treatment. More studies are needed 
to address such aspects in the future. 
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